In this study the activities of two lysosomal enzymes in retinal pigment epithelial (RPE) cells isolated from three regions of the human fundus were examined: the macula, the nasal midzone, and the periphery. The results obtained showed that the activities of acid phosphatase and cathepsin D were significantly higher in the RPE cells derived from the macular region when compared with those in the periphery. The values for the midzone appeared to be intermediate between the other two regions. Furthermore, the overall activity ofboth enzymes increased as a function ofage. (BrJ Ophthalmol 1994; 78: 125- 
Lysosomes are cytoplasmic organelles, each delimited by a single lipoprotein membrane. Typically, they contain a vast array of acid hydrolases capable of degrading all large cellular molecules -nucleic acids, proteins, polysaccharides, and lipids -to low molecular weight products. Lysosomal enzymes are particularly important in the retinal pigment epithelium (RPE) as they are responsible for the degradation of ingested photoreceptor outer segment material.'2 In addition, RPE lysosomal enzymes degrade intracellular components sequestered during autophagy,3 are a component part of lipofuscin granules,4 and may be involved in the degradation or remodelling ofmelanin granules.5 The characteristic spectrum of enzyme activities of RPE lysosomes is thought to reflect degradatire functions specific for this tissue. 6 Regional variation in RPE structure and physiology is now well documented7-'6 and probably reflects the functional demands from the overlying neural retina, in particular the phagocytic load. Evidence from animal studies suggests that phagocytic load may be reflected in the lysosomal enzyme activities seen in varying regions of the RPE, and that this variation may be species specific. Higher levels of cathepsin D are observed in the area centralis ofbovine eyes when compared with cells from the equatorial region. 2 In contrast, in the dog eye, the regional distribution of lysosomal enzyme activity varies between different enzymes.'3 Cathepsin D was highest in the central retina while the levels of acid phosphatase, 1-glucuronidase and N-acetyl-B-glucosaminidase were highest in the peripheral retina.
This study aimed to determine if human RPE demonstrated a regional variation in lysosomal enzyme activity and if such activity reflected agerelated changes in the retina.
Materials and methods

RPE ISOLATION
Human eyes from 16 individual donors ranging from 17 to 90 years of age were obtained from the Manchester Eye Bank immediately following removal of the corneoscieral rim for grafting. All eyes were obtained within 12 hours post mortem. The remaining anterior portion of the eyes was removed by a circumferential incision immediately posterior to the ora serrata. The vitreous and retina were removed and the eye cup divided into three regions; posterior pole, nasal midzone, and periphery. For the two segments from the nasal midzone and periphery, the cut edges were sealed with Vaseline and the exposed RPE was washed twice with Dulbecco's phosphate buffered saline without Ca2+ and Mg2+ (PBSA) before enzyme treatment. For the posterior pole segment, the macular region was contained within a stainless steel cylinder (8 mm internal diameter) sealed in place with Vaseline.'7 The RPE contained within the cylinder was washed twice with PBSA before enzyme treatment.
The RPE cells were exposed to 0 25% trypsin in PBSA supplemented with 200 25 M formate buffer (pH 3 3) using 2% bovine haemoglobin (Sigma) as substrate for 60 minutes at 37°C. 9 The reaction was terminated by addition of 3% trichloroacetic acid after which the microtitre plate was centrifuged at 250 gfor 10 minutes at 10°C. Aliquots of the supernatant were transferred to a second plate and assayed for soluble proteolytic products by a modification of the Lowry method.'9 The resulting absorptions at 690 nm were then converted to tyrosine equivalents using a calibration curve.
Appropriate controls'8 were incorporated in every experiment and included reaction mixture without cells and reaction mixture plus cells in which the reaction was stopped at time zero. The activity assayed for all enzymes was linear with time and proportional to the number of cells assayed. The enzyme activity was expressed as pmoles of p-nitrophenol or ng of tyrosine equivalents/minute/number of cells.
STATISTICS
The results for each enzyme were analysed for the three regions by paired Student's t test with Bonferroni correction to account for generation of significant differences by multiple comparisons. p Values <0 05 were considered significant.
Results
Acid phosphatase and cathepsin D activity were detected in RPE cells from all three regions ofthe fundus. The activities demonstrated a consistent regional variation within individual eyes but overall enzyme levels increased with increasing donor age (Figs 1 and 2) .
For both acid phosphatase and cathepsin D the enzyme activity was significantly higher in the macular region than in either the nasal midzone or the periphery (p<0 002). Enzyme activities in the nasal midzone region were intermediate between the macula and the periphery. The statistical significance of the data is given in Table 1 .
The overall activity of both enzymes, in all regions, increased as a function of donor age (Fig  3) . Acid phosphatase activity progressively increased in all regions as donor age increased from 30 to 65 years of age. Enzyme levels remained relatively constant in the less than 30 year and more than 60 year age groups. In all retinal regions the enzyme activities were significantly higher in the more than 60 year age group when compared with the less than 30 year age group (p<0.005). In addition, for the macular and peripheral regions, the enzyme activities of the 30 to 60 year age group were significantly higher than those in the less than 30 age group (p<0-001) and significantly lower than those in the more than 60 year age group (p<0 05). While regional variation was observed in all eyes the difference in acid phosphatase activity between macula and periphery was most pronounced in the ¢50 year age group (Fig 1) .
The increase in cathepsin D levels as a function ofage was less pronounced than that observed for acid phosphatase (Fig 3) . Enzyme activity in the periphery showed a similar trend to that with acid phosphatase in that the enzyme levels increased as donor age increased from 30 to 65 years of age and remained relatively constant thereafter. In all retinal regions the enzyme activities were significantly higher in the more than 60 year age group when compared with the less than 30 year age group (p<0.05). Only for the peripheral region were the enzyme activities ofthe 30 to 60 year age group significantly higher than those in the less than 30 age group (p<0 04) and significantly lower than those in the more than 60 year age group (p<0.03).
Washings from RPE cells before detachment did not have detectable enzyme activity. Supernatant fluids from pelleting the isolated cells exhibited low levels of activity for both enzymes (-14% of total enzyme activity). Where measurable these activities followed the same regional distribution found for the corresponding cells.
Discussion
In this study we have shown that the activities of two lysosomal hydrolases in the human RPE vary with retinal location and increase in all regions of the retina as a function of age. Topographical variation in lysosomal enzyme activities has been reported for both primates (in which the RPE is pigmented throughout the retina and which have a defined macula) and for species such as the cow and dog (in which the RPE in the central superior area of the fundus is non-pigmented and which have a primitive 'macula' called the area centralis). The only previous study on human tissue, using RPE/choroid preparations from different regions of two human eyes, demon- strated that the enzyme activities for cathepsin D, arylsulphatase and acid phosphatase were higher in the macular region than in the remaining areas of the retina.'" Our more comprehensive study using isolated RPE cells confirms that the RPE layer makes a significant contribution to the elevated lysosomal enzyme activities in the posterior pole. A similar observation was made in the bovine eye by Burke and Twining who found higher levels of cathepsin D activity in the posterior area centralis when compared with RPE cells from the equatorial region.'2 In contrast, in the dog eye, Cabral et al reported that the regional distribution of lysosomal enzyme activity can vary between different enzymes.'3 Cathepsin D activity was highest in the central retina while the levels of acid phosphatase, B-glucuronidase, and N-acetyl-B-glucosaminidase were highest in the peripheral retina. Such regional variations in the biochemical activity ofthe RPE are not restricted to lysosomal hydrolases since topographical variations reported include those for cytochrome oxidase, sodium/potassium ATPase pump density, and cyclic nucleotide content.4 15 20 Although the macular region exhibited the highest overall levels of enzyme activity, it was not possible to determine whether this activity was evenly distributed across the 8 mm diameter group.bmj.com on April 7, 2017 -Published by http://bjo.bmj.com/ Downloaded from area isolated or whether high levels of activity were localised to a discrete zone within this area (for example, the fovea).
Two hypotheses could account for the differences observed in the activity of lysosomal enzymes in RPE cells from different regions of the retina. Firstly, different populations of RPE cells could differ in their steady state equilibrium as a result of variations in their genetic expression, or, secondly, different populations of RPE cells with the same steady state equilibrium could be subject to different environmental modulatory factors resulting in a new steady state. Given the marked variation in retinal structure and function the latter hypothesis is most attractive and is supported by the age-related increase in overall enzyme activity. Since the major function of the RPE lysosomes is the degradation of ingested photoreceptor outer segments it is reasonable to consider that regional differences may reflect the amount of material phagocytosed (that is, photoreceptor type, photoreceptor density, or the rate of photoreceptor ingestion). Additional support for the second hypothesis comes from in vitro studies in which the regional variation seen in fresh RPE is not apparent in cultured RPE,'2"1 suggesting that lysosomal enzyme activities are dependent on environmental modulatory factors which are not present in culture (for example, phagocytic challenge).
It is clear from these studies that there is a trend towards higher activities of lysosomal enzymes in the RPE with increasing donor age. There was a significant age-related correlation for acid phosphatase activity in the macular and peripheral retina, and for cathepsin D activity in the peripheral retina. It is likely that a positive correlation between age and enzyme activity would have been observed in the other retinal regions if a greater number of donor eyes had been examined. The observation of an agerelated increase in lysosomal enzyme activities is supported by similar observations in non-ocular tissues."2-24
The observed age-related increase in RPE lysosomal enzyme content may be explained in a 9umber ofways. Firstly, this increase may reflect increased phagocytic load on the RPE with age. However, reports on the photoreceptor/RPE ratio in humans are inconsistent. Dorey et al reported that the mean ratio of photoreceptors to RPE cells was higher in the macula than in either the paramacular or equatorial area, and that this ratio increased with increasing donor age.25 In contrast, a more recent study by Gao and 
